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Background: Immunohistochemical staining for p16INK4a and Ki-67 has been used to improve 
the accuracy in making a diagnosis of the uterine cervix cancer on biopsy. This study was con- 
ducted to examine the usefulness of these markers in the pathological diagnosis based on cervi- 
cal biopsy. Methods: We selected a consecutive series of 111 colposcopically directed cervical 
punch biopsies. Using these biopsy samples, we performed an immunohistochemical staining for 
p16INK4a and Ki-67 to establish a diagnosis. The slides were circulated among four pathologists 
in a sequential order: the hematoxylin and eosin (H&E) slide, H&E slide and p16INK4a-stained 
slide, and H&E slide, p16INK4a- and Ki-67-stained slides. Results: The overall rates of the con- 
cordance in the first, the second, and the third diagnoses were 77.5%, 82.0%, and 82.0%, re- 
spectively. The rate of the concordance in the diagnosis of cervical intraepithelial neoplasm (CIN) 
2/3 was increased from 62.2% to 73.0%. But there was a variability in the rate of the revision of 
the diagnosis between the pathologists. With the application of criteria for interpreting the expres- 
sions of p16INK4a and Ki-67, benign and CIN 1 lesions showed a p16INK4a expression score of 
0 or 1 . But CIN 2 and CIN 3 lesions showed a p16INK4a expression score of 2 and 3, respective- 
ly. Conclusions: The immunostain for p16INK4a and Ki-67 might be useful in reducing an inter- 
observer variability. But criteria for interpreting both markers should be strictly applied. 
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Histologic assessment of the uterine cervix is a standard meth- 
od in the management of women with abnormal cytologic smears 
who are suspected to have premalignant or malignant condi- 
tions. 1 But there can be a misinterpretation of histologic chang- 
es in association with various situations such as atrophy, imma- 
ture metaplasia, transitional metaplasia, repair or inflammatory 
atypia, inadequate sample size and tissue artifact, which may 
eventually cause an interobserver variation and a poor intraob- 
server reproducibility. 1 " 3 To date, various techniques have been 
introduced to improve diagnostic accuracy. 4 ' 3 Of these, it has 
been proven that pl6lNK4a expression is specific to cervical 
intraepithelial neoplasm (CIN) 1 lesions with a high-risk hu- 
man papillomavirus (HR-HPV), CIN 2/3 and invasive squa- 
mous lesions and both non-invasive and invasive glandular le- 
sions. In addition, it has also been widely used in a daily prac- 
tice of surgical pathology. 2 " 13 Nevertheless, it has been reported 
to be disadvantageous in that there is an inconsistency in the 
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methods and criteria for interpretation of pl6lNK4a expres- 
sion. 2 ' 13 To improve the diagnostic accuracy, other markers in- 
cluding Ki-67 have been used along with pl6lNK4a in a his- 
tological assessment of squamous and glandular dysplasia and 
carcinoma of the uterine cervix. 2 ' 3 ' 9 There is a discrepancy, how- 
ever, in the interpretation of these proliferative markers between 
the authors. 

Given the above background, we conducted this study to ex- 
amine the usefulness of the immunohistochemical stain for pi 6- 
INK4a and Ki-67 in the pathological evaluation of uterine cer- 
vical biopsy samples and the re-assessment based on criteria for 
interpreting their expression. 

MATERIALS AND METHODS 

Case selection 

We selected a consecutive series of 1 1 1 colposcopically di- 
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rected cervical punch biopsies from the Department of Patholo- 
gy, Korea University Anam Hospital. Using these biopsy sam- 
ples, we performed an immunohistochemical staining for pi 6- 
INK4a and Ki-67 to establish a diagnosis during a period rang- 
ing from September 2009 to June 2010. Exclusion criteria were 
invasive squamous cell carcinoma and glandular lesions. 

Immunohistochemical staining 

The immunohistochemical stain for pl6lNK4a was perform- 
ed using CINtec Histology Kit (mtm laboratories AG, Heidel- 
berg, Germany) and for Ki-67 using mouse monoclonal anti- 
body, clone MIB-1 from Dako Corp. (Carpinteria, CA, USA). 
DAKO Link48 immunostainer (Dako Corp.) was used for an 
immunohistochemical staining. The sections were de-paraf- 
finized and sequentially treated for antigen epitope retrieval and 
endogenous peroxidase blocking. Following a 30-minute incu- 
bation with primary antibodies, the section for pl6lNK4a was 
treated with visualization polymer reagent conjugated with 
horseradish peroxidase and goat anti-Mouse Fab' antibody frag- 
ment. For the section for Ki-67, Dako EnVision TM+/HRP 
kits (Dako Corp.) was used for 30 minutes. Following a 5 -min- 
ute application of substrate- 3, 3 '-diaminobenzidine chromogen 
solution, the section was counterstained with Harris hematoxy- 
lin. This was followed by the dehydration and mounting for a 
microscopic examination. 

To validate the staining procedure for each staining run, we 
used a positive control slide containing tissue section from the 
cervical biopsy of invasive squamous cell carcinoma with known 
diffuse immunoreactivity for pl6lNK4a. For a negative control, 
we used the buffer solution rather than the primary antibody. 

Evaluation of the slides 

Four surgical pathologists reviewed the hematoxylin and eo- 
sin (H&E)-stained slides, and then made a diagnosis based on 
the histological features. These diagnoses include benign lesions 
such as immature squamous metaplasia, transitional metaplasia 
or borderline condyloma-like lesion, CIN 1, CIN 2, and CIN 3. 
Then, each pathologist performed the second-round review of 
the H&E slide and the slide stained for pl6lNK4a, and the 
third-round review of H&E slide and those for pl6lNK4a and 
Ki-67. This was followed by the interpretation of the slides by 
each pathologist based on his or her own criteria. Then, the di- 
agnosis was revised. 

Analysis of the results 

A majority of diagnoses were made based on concordance in 
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the diagnosis between the pathologists; a diagnosis was estab- 
lished when at least three of four pathologists agreed on the di- 
agnosis. Thus, majority diagnosis was defined. If there was a 
lack of the majority diagnosis, a final consensus diagnosis was 
reached through a simultaneous meeting of all the four patholo- 
gists. This was followed by the interpretation of the immuno- 
histochemical findings for pl6lNK4a and Ki-67 based on the 
interpretation criteria. The expression of pl6lNK4a was scored 
as 0 (negative), 1 (focal and weak cytoplasmic staining with or 
without nuclear staining in superficial or intermediate layers), 2 
(intermediate between 1 and 3), and 3 (diffuse and strong nu- 
clear staining in lower 2/3 or whole layers with or without cy- 
toplasmic staining) (Fig. 1). The expression of Ki-67 was evalu- 
ated based on the distribution and proportion of positive cells 
in the squamous epithelium. Ki-67 was occasionally seen in su- 
prabasal layers of the normal squamous epithelium (score 0), 
while its expression was extended to upper layers of the squa- 
mous epithelium with the progression of dysplasia from CIN 1 
(score 1) to CIN 3 (score 3) (Fig. 2). 

Statistical analysis 

Statistical analysis was performed using SPSS ver. 12.0 (SPSS, 
Inc., Chicago, IL, USA). An intra-observer variability of each 
pathologist was evaluated by calculating the kappa value for the 
pairs of 'first and second' and 'first and third' diagnoses. The 
pl6lNK4a immunostain scores were classified into 0/1 and 2/3. 
Then, these values were compared with the histologic groups: 
benign/CIN 1 and CIN 2/3. A p-value of <0.05 was consid- 
ered statistically significant. 

RESULTS 

Following an analysis of the agreement that was reached in 
more than three pathologists according to the category (benign, 
CIN 1 and CIN 2/3), the overall rates of the concordance in the 
first (H&E slide only), the second (H&E slide and pl6lNK4a- 
stained slide), and the third (H&E slide, pl6lNK4a- and Ki- 
67-stained slides) diagnoses were 77.5%, 82.0%, and 82.0%, 
respectively. The rate of the concordance in the diagnosis of CIN 
2/3 was increased from 62.2% to 73.0%. For the first-round 
diagnosis made based on the H&E slide only, none or one pa- 
thologist agreed on the same diagnosis as a consensus diagnosis 
in 17 cases (15.3%). But there were at least two pathologists 
who agreed on both the second- and third-round diagnosis. The 
second-round diagnosis was a consensus one in two cases (1.8%) 
(Table 1). 
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Fig. 1 . The expression of p1 6INK4a is scored as 0 (A), 1 (B), 2 (C), and 3 (D). 



Following a review of the immunostained slides for pl6lNK4a 
and Ki-67, the pathologist 1, 2, 3, and 4 revised the diagnosis 
at concordance rates of 17.1% and 4.5%; 15.3% and 13.5%; 
4.5% and 6.3%; and 29.7% and 10.8%, respectively, in the 
corresponding order. In revising the diagnosis, the pathologist 
3 had the highest concordance rate (kappa value, 0.925 and 
0.900) and the pathologist 4 did at the lowest concordance rate 
(kappa value, 0.589 and 0.850). In addition, the pathologist 1 
and 2 had the concordance rates of 0.710 and 0.929 and 0.733 
and 0.774, respectively, in the corresponding order. There were 
significant differences in the kappa values between the four pa- 
thologists (p < 0.05). 

In 29 cases, we reviewed the H&E slides and the immunos- 
tained slides for pl6lNK4a and Ki-67. Then, the consensus di- 
agnosis was reached. There were eight cases showing an imma- 
ture squamous metaplasia or a borderine condyloma-like change 
with a pl6lNK4a expression score of 2 or an increased Ki-67 
labeling. Of these cases, five cases and the remaining three fi- 
nally had a revised diagnosis of benign cellular change and CIN 



1, respectively (Fig. 3). There were two cases of senile atrophy 
with CIN 2 or CIN 3 lesions with a pl6lNK4a expression score 
of 3 and an increased Ki-67 labeling. Typically, atrophic squa- 
mous epithelium showed a rare Ki-67 expression (Fig. 4). The 
remaining 19 cases showed a broad-spectrum of squamous epi- 
thelial changes from squamous metaplasia to CIN 3 on the same 
biopsy. But these cases had a pl6lNK4a and Ki-67 expression 
score of 2 or 3, which led to the diagnosis CIN 2 or 3 (Fig. 5). 

Following a review of the H&E-stained slides and immunos- 
tained ones for pl6lNK4a and Ki-67, there were 60 cases whose 
diagnosis was classified as a benign lesion. In addition, there 
were 44 cases showing no expression of pl6lNK4a, 14 cases 
with a pl6lNK4a expression score of 1 and two cases with a 
pl6lNK4a expression score of 2. Fourteen cases were diagnosed 
as CIN 1 lesions, which comprised four cases with a pl6lNK4a 
expression score of 1 and ten cases with a pl6lNK4a expression 
score of 2 (Fig. 6). All the 18 cases of CIN 2 lesions showed a 
pl6lNK4a expression score of 2, but 19 cases of CIN 3 lesions 
showed a pl6lNK4a expression score of 3 (Table 2). 
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Fig. 2. The expression of Ki-67 is scored as 0 (A), 1 (B), 2 (C), and 3 (D). 



Table 1 . The majority diagnosis based on the first-round diagnosis 
(hematoxylin and eosin [H&E] slide only), the second-round diag- 
nosis (H&E slide and p16INK4a-stained slide) and the third-round 
diagnosis (H&E p16INK4a- and Ki-67-stained slides) according to 
the histologic category 

No. of pathologist Majority 





0 


1 


2 


3 


4 


Total 


Dx (%) 


First Dx Benign 




2 


1 


28 


29 


60 


57 (95.0) 


CIN1 


1 


4 


3 


4 


2 


14 


6 (42.9) 


CIN 2/3 


2 


8 


4 


11 


12 


37 


23 (62.2) 


Total 


3 


14 


8 


43 


43 


111 


86 (77.5) 


Second Dx Benign 






1 


20 


39 


60 


59 (98.3) 


CIN1 




2 


4 


6 


2 


14 


8(57.1) 


CIN 2/3 






13 


11 


13 


37 


24 (64.9) 


Total 




2 


18 


37 


54 


111 


91 (82.0) 


Third Dx Benign 






5 


18 


37 


60 


55 (91 .7) 


CIN 1 






5 


7 


2 


14 


9 (64.3) 


CIN 2/3 






10 


11 


16 


37 


27 (73.0) 


Total 






20 


36 


55 


111 


91 (82.0) 



Values are presented as number (%). 

Dx, diagnosis; CIN, cervical intraepithelial neoplasm. 



DISCUSSION 

pl6lNK4a is a cyclin-dependent kinase (CDK)-4 inhibitor 
that blocks the cell cycle by inhibiting CDK-4 with the inacti- 
vation of pRb protein. Its expression in normal adult tissue is 
limited to the proliferative endometrium, breast ducts, gastric 
antral cells, esophageal squamous epithelium, salivary glands, 
and some neuroendocrine cells. 14 The expression of pl6lNK4a 
has been shown to disappear in some types of tumor including 
familial melanoma, but it is overexpressed in other types of tu- 
mor such as gastric adenocarcinoma, malignant lymphoma and 
lung cancer. 13 " 19 Although pl6lNK4a is not expressed in the 
normal epithelium, it is overexpressed in almost all cases of epi- 
thelial neoplasia of uterine cervix. Therefore, an immunohisto- 
chemistry of pl6lNK4a has been used as an indicator for mak- 
ing a diagnosis of pre-invasive and invasive epithelial neoplasia 
of uterine cervix. 2 " 5 ,7 " 13 ' 20 In uterine cervix, E7 protein of HR- 
HPV inactivates Rb protein, which normally inhibits transcrip- 
tion of pl6lNK4a, resulting in the accumulation of pl6lNK4a 
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Fig. 4. Atrophic squamous epithelium mimicking cervical intraepi- 
thelial neoplasm 3 (A) shows a rare (score 0) Ki-67 expression (B). 



Fig. 3. Squamous epithelium with an area of koilocytotic atypia (A) 
shows a focal nuclear expression (score 1) of p16INK4a in supra- 
basal layer (B) and an increased expression of (score 1) Ki-67 (C). 
The consensus diagnosis is cervical intraepithelial neoplasm 1 . 

protein. 21 It can therefore be inferred that HR-HPV-infected 
epithelial cells of the uterine cervix have a positive immunohis- 
tochemistry for pl6lNK4a. This can therefore be used as a sur- 
rogate indicator for the presence of HR-HPV-induced squa- 
mous and glandular lesions of the uterine cervix. A substantial 
number of studies have been conducted to examine the diag- 



nostic value of pl6lNK4a immunostain in improving the ac- 
curacy of histological diagnosis using the tissue samples of the 
uterine cervix. This showed that it is useful in many aspects; 
the immunostain for pl6lNK4a assists in detecting very small 
lesions with fragmentation which can be missed or overlooked 
on the H&E stain. 3 ' 7 ' 8 In addition, it is also helpful for distin- 
guishing HPV-related lesions from benign mimickers includ- 
ing severe atrophy, reactive changes with inflammation or im- 
mature metaplasia. 2 ' 7 ' 9 Our results revealed these findings in 
cases which were misdiagnosed as CIN 3 on the H&E slide but 
proved to be severe atrophy following the second-round review 
of the slide stained for pl6lNK4a. We conducted the current 
study to examine the usefulness of pl6lNK4a and Ki-67 im- 
munostaining in reducing an inter-observer variation in the 
histopathological interpretation of cervical biopsy between the 
pathologists. The pathologist 4 revised the diagnosis the most 
frequently based on the pl6lNK4a- and Ki-67 -immunostains 
but the pathologist 3 did the least frequently. Klaes et al? re- 
ported that the concordance rate was improved to 96%. But 
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Fig. 5. The cases interpreted as cervical intraepithelial neoplasm 
(CIN) 2 by two pathologists and CIN 1 and CIN 3 by one patholo- 
gist each (A) show a p1 6INK4a expression score of 2 (B) and a Ki- 
67 expression score of 2 (C). The consensus diagnosis is CIN 2. 

Horn et al. 8 reported that it was improved to 74%. In the cur- 
rent study with the additional use of pl6lNK4a immunostains, 
the concordance rate was increased from 77.5% to 82.0%. The 
current three-tier CIN classification system in the interpreta- 
tion of the H&E slides is well known for its poor reproducibili- 
ty. 22 In addition, it is also difficult to make a differentiation be- 
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Fig. 6. The squamous lesion shows a p16INK4a expression score 
of 2 (A) but a Ki-67 expression score of 1 (B). The consensus diag- 
nosis is cervical intraepithelial neoplasm 1 (C). 

tween benign mimickers and CIN l. 3 ' 22 Our results also showed 
that no majority diagnosis was made for some cases because there 
was a variability in the interpretation based on the current three- 
tier CIN system between the pathologists. 

Technical and interpretational methods of pl6lNK4a immu- 
nostain are another cause of problem. Various pl6lNK4a anti- 
body clones have been used by authors. In addition, a lack of 
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Table 2. The p16INK4a-immunostain score according to the final 
histologic category 



Final Dx 


No. of 




p16INK4a score 




cases 


0 


1 


2 


3 


Benign 


60 


44 


14 


2 




CIN1 


14 


4 


10 






CIN2 


18 






18 




CIN3 


19 








19 


Total 


111 


48 


24 


20 


19 



Dx, diagnosis; CIN, cervical intraepithelial neoplasm. 



the standard staining protocol has been pointed as potential fac- 
tors of inconsistent result of pl6lNK4a immunostain. 213 Lack 
of standardized criteria for interpretation of pl6lNK4a immu- 
nostain was also problematic. Staining intensity, number of stain- 
ed cells and distribution of stained cells were arbitrarily selected 
by authors. 2 " 5 ' 7 " 13 ' 20 ' 23 ' 24 Moreover, there was also a variability in 
the cut-off point for grading the percentage of the stained cells 
depending on the authors. Because pl6lNK4a is a nuclear pro- 
tein, its immunostaining property is expected to show nuclear 
stain. But cytoplasmic stain with or without nuclear stain can 
be seen through posttranscriptional modification or overpro- 
duction of pl6lNK4a protein. 13,20 

Based on our grading system, we scored the expression of 
pl6lNK4a as 0 (negative), 1 (focal and weak cytoplasmic stain- 
ing with or without nuclear staining in superficial or interme- 
diate layers), 2 (intermediate between 1 and 3), and 3 (diffuse 
and strong nuclear staining in lower 2/3 or whole layers with or 
without cytoplasmic staining). This showed that cases with score 
3 were categorized into CIN 2 and 3 but most of the nonneo- 
plastic cervix were negative for pl6lNK4a. Our results showed 
that the first-round diagnosis was modified if the lesion showed 
a diffuse stain of pl6lNK4a in full layers. Conversely, a com- 
plete absence of pl6lNK4a immunostaining could rule out an 
associated high-grade squamous intraepithelial lesion. 25 ' 26 A 
small number of weakly stained cells were solely found or clus- 
tered in upper layers of the CIN 1 lesions. But some lesions 
showed a strong expression in lower part of the epithelium in 
diffuse pattern. The latter cases were thought to be associated 
with a HR-HPV infection. 21 This deserves more meticulous 
follow-up studies because there is a possibility that the above 
lesions might progress to a higher degree of CIN. 2 ' 3 In the cur- 
rent study, the first diagnosis of CIN 1 was revised the most 
frequently following the review of the pl6lNK4a stain. It is 
presumed, however, that there are potential risks of misdiagno- 
sis in regard to the weakly or scattered stained cells. This is be- 
cause weak positive stain can be seen in non-HPV related uter- 



ine cervix such as in normal epithelium with inflammation or 
metaplasia. 4 ' 10 ' 11 ' 24 Staining property of non-epithelial cells in- 
cluding fibroblasts, endothelial cells and inflammatory cells has 
also been reported. 4 ' 6 ' 24 Our results showed that there were 14 
cases with a pl6lNK4a expression score of 1 and two cases with 
a pl6lNK4a expression score of 2. Following the re-assessment 
of the histologic sections in combination with the Ki-67 label- 
ing, however, the above cases were interpreted as an immature 
squamous metaplasia or a borderline condyloma-like lesion. 

Despite a diagnostic value of pl6lNK4a in significantly im- 
proving the accuracy in making a diagnosis of the epithelial le- 
sions of the uterine cervix, there are various exceptions that it 
should be used in combination with other markers in establish- 
ing a diagnosis in a routine clinical setting. 12 Ki-67 has been 
used in combination with pl6lNK4a because it can be of help 
for making a differentiation of a high-grade CIN from benign 
mimickers. This is particularly the case with atrophy and a low- 
grade CIN whose pl6lNK4a immunostains are ambiguous or 
equivocal. 2 ' 5 But there is a variability in the interpretation of 
Ki-67 -immunostained slides depending on the authors. The 
normal squamous epithelium of uterine cervix shows occasion- 
ally positive cells in suprabasal layers, 27 and its expression is in- 
creased from the lower to upper layers with a progression of the 
dysplasia from CIN 1 to CIN 3. We evaluated the degree of ex- 
pression of Ki-67 in squamous epithelium, in lower 1/3, half or 
more than 2/3, corresponding to the CIN 1, CIN 2 or CIN 3, 
respectively. Its expression was helpful in not only interpreting 
the atrophic squamous epithelium which was misinterpreted as 
CIN 3 but also grading the CIN lesions in combination with 
pl6lNK4a. Again, Ki-67 expression is also increased in the in- 
flammatory and reactive cases or normal epithelium in the lute- 
al phase. 5 ' 10 

In conclusion, the concomitant use of Ki-67 and pl6lNK4a 
immunostains might be more effective. In addition, criteria for 
interpreting both markers should be strictly applied to the eval- 
uation of cervical lesions, which would be essential for reducing 
an inter-observer variability. 
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